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Introduction 
Traffic volume of global networks is increasing 
each year, resulting in expanding the capacity of 
data links in Ukraine as well. In recent years, the 
development of mobile data devices such as mobile 
phones, PDAs became even faster. More 
transactions are conducted via mobile devices and 
global network Internet by users and government 
agencies. The high dynamics of growth rates, the 
amount of information, the number of subscribers 
encourages progress in communications to meet the 
needs of consumers. In this regard, new researches 
are being constantly provided for optimization and 
modernization to transfer data. 
Analysis of the last researches  
A careful analysis of the project design 
specifications 3GPP, materials from «4G World 
Conference 2010» and «LTE in Russia 2009» 
conferences was done. 
According to it, the technology was developed as 
a part of 3GPP and was designed to replace the 
previous network types (GSM and UMTS). It has 
one of the highest spectral efficiency that focuses on 
the economic use of radio frequency range at the 
maximum speed and rich integration services on a 
network. Its emphasis is on broad switching from 
other networks. It has been recently developed 9 
version and 10 version is in the process of 
development. 10 version is the next step in its class 
on many parameters, including features and 
reliability. 
LTE (Long Term Evolution) version 9  
(Review 9) technology has the idea of building a 
remotely similar network but differs significantly in 
features, reliability and so on. In the final output 
subscriber receives a wireless connection at 
theoretical download speed up to 326.4 Mbps and 
172.8 Mbps for upload. It should be noted that 
international standards for speed are approximately 
2 times lower than theoretical.  
The purpose is to analyze technical 
specifications and features of the LTE technology. It 
is needed to identify innovations, which were used 
in architecture, technology and their effects. 
Particular attention is paid to the unique 
requirements that are not met in broadband networks 
of cellular type. 
Base specifications 
Operating frequency range for wireless technology 
was identified by its developers at frequencies order of 
800 MHz to 2400 MHz with a separation of 40 bands 
and two modes of transmission named FDD (frequency 
division) and TDD (temporal separation). Some 
communication systems in different countries work on 
these frequencies. It is necessary to find a careful 
approach for frequency range and coordination with all 
relevant agencies. 
An important feature of the network, that was 
laid in its development as one of the fundamental 
principles is to simplify the network structure. The 
exclusion of duplicate functions of the protocols is 
typical for UMTS systems. The main address 
protocol of all network is IPv4 and IPv6 and their 
modified forms. 
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The network architecture is rather simple and 
consists of 2 components: radio access network E-
UTRAN and core network SAE, which is sometimes 
called EPC. 
E-UTRAN radio access network includes 
eNBbase stations, which are connected by the 
principle of “one by one” via X2 interface. This 
interface supports handover mobile terminal in 
LTE_ACTIVE mode. 
The basic network consists of MME and UPE 
nodes. Logic element MME (Mobility Management 
Entity) is responsible for the tasks of managing 
network base stations of E-UTRAN eNB network 
using protocols of control plane C-PLANE. Logical 
component UPE (User Plane Entity) is responsible 
for the transmission of user data according to the 
protocol user plane U-plane. It interacts with the 
eNB via a special interface. 
The basis of core network SAE construction is 
the concept «all over IP» (all-IP or AIPN - All over 
IP Network). This allows an access to core network 
through radio access network 2nd and 3rd 
generations and through standardized project 3GPP 
(no 3GPP network), such as IEEE: Wi-Fi, WiMAX 
and networks using wired IP technologies (for 
example, network ADSL +, FFTH and others). 
Different set of interfaces is used to connect all 
subsystems. For example, the S-type interface used 
in SAE network, each 9 S-type interface has its 
special purpose. 
Basic features of LTE network architecture 
1. Radio access networks support of such 
standards as 3GPP and He-3GPP. Information about 
possible access technologies must be transmitted to 
mobile terminals establishing priority technologies, 
which were setup by the operator. 
2. SAE core network has fully compatibility with 
basic networking standards 3GPP, starting with 
Release 6. 
3. It ensures minimal delays of data transmission 
according to the protocols of C-plane. For example, 
the time interval of transition from mobile terminal 
Idle condition (terminal in attached protocol GMM 
mode, allocated IP address is registered in the 
terminal subsystem IMS) to the status in the 
receive/transmit data through U-plan e protocol 
should be no more than 200 ms. 
4. A clear functional separation between network 
components SAE is also a feature of LTE. It enables 
to avoid additional delays of data transmission 
protocols according to C-plane protocols through the 
duplication of functions. 
5. IP connection can be installed with individual 
QoS parameters at the minimum number of 
transactions. 
6. Mobility management function of LTE 
network should meet the challenges of mobility in 
the network as E-UTRAN and between networks of 
E-UTRAN and radio access networks and other 
types. 
7. Mobility management function of LTE 
network should interact with terminals of different 
types: fixed and mobile. 
8. Network mobility management function 
should provide LTE network operator with the 
possibility to manage the access networks, used by 
subscribers. 
9. Mobility support hand over in E-UTRAN 
networks, between E-UTRAN networks and radio 
access networks and other 3GPP (procedure for 
Inter-RAT Handover) and between  
E-UTRAN/3GPP networks and radio access network 
He-3GPP must be implemented with minimal loss of  
data packets in real time (for example, applications 
for VoIP) and using the invariant time (for example, 
to view web-guideline). 
10. The procedure for updating data on the 
location of subscriber terminal in the network should 
provide a minimum load channel signaling. 
11. SAE network architecture should ensure 
optimal routing when exposed cross-networks 
subscriber roaming. 
12. SAE network architecture should provide 
access through various network wireless broad band 
WLAN. There are some existing agreements 
between the access network VPLMN visiting 
operator and visiting operators of the WLAN. Such 
agreements between the visiting WLAN network 
operators and user’s home network HPLMN are not 
needed. 
13. It has a support for IP protocols of different 
versions (IPv4 and IPv6) and speech mode IP 
multicast. 
14. It provides such level of users security 
(authentication, identification, data encryption), 
which would not be lower than in the existing 3GPP 
networks. Authentication procedure should not 
depend on the type of technology and access 
network. 
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15. Access to the LTE network subscribers must 
be provided according to the existing USIM-card 
(Release 99). This database should meet HSS 
Release 5. 
16. It supports all currently existing charging 
principles. 
17. SAE architecture should provide flexible 
usage of resources, when all network elements 
(nodes) are considered as one distributed resource. 
An example was the structure of the interface Iu-
flex, which was define din Release 5. In accordance 
with it the controller RNC may have an interface 
with multiple nodes SGSN / MGW. 
As it has been mentioned, LTE network can 
interact with a variety of networks through specific 
gateways (S-GW and P-GW). The developers took 
into account the possibility of connecting to non-
trusted networks, for example public IP network and 
the Internet. Interaction with non-trusted networks 
was implemented using gateway ePDG.  
To reduce the load on users’ mobile terminals 
such protocols as MIPv4 (Mobile IP version 4) and 
DSMIPv6 (Dual-Stack Mobile IP version 6) were 
used. The disadvantage of MIPv4 is sub-optimal 
usage of system resources, it has been successfully 
corrected in the DSMIPv6 version. Routing IP 
packets are already familiar with IP networks for 
routing algorithms. 
Mobility management protocols of NVM type 
implemented directly in the mobile terminal. 
Protocols of NBM type were designed for a 
maximum discharge from the mobile terminal 
mobility support tasks and they should achieve the 
following goals: 
– to increase the efficiency of network resources 
by a signify cant reduction in signaling messages 
transmitted/received by mobile terminal and the lack 
of tunnels directly between the mobile terminal and 
network elements; 
– to increase productivity and save a mobile 
terminal; 
– to simplify mobile terminal due to lack of 
mobility management protocol stack (protocols 
PMIPv6, MIPv4, DSMIPv6). 
All services are characterized by unique 
identifiers ID, which establish the interrelation 
between different services. 
Quality control in the SAE network is performed 
with the following parameters: the priority of 
resources, guaranteed data rate, maximum data rate, 
the QoS ID, service type packet data, the relative 
number of data packets that were lost by L2 level 
protocols of OSI model: 
– low (speed of motion 0-15 km/h); 
– high (speed of motion 15-120 km/h); 
– extreme (speed of motion 20-350km/h, 
maximum up to 500 km/ h); 
– radius of cellular telephone: to 5 km, with 
maximum terms of speed, mobility and spectral 
efficiency; 30 km if these characteristics deteriorate. 
In the following channels such modulations as 
64QAM, 16QAM, OFDM, QPSK are used. 
It needs also to be noted the great impact of 
MIMO technology. Throughput can be increased by 
expanding bandwidth or increasing radiated power. 
However, the application of these methods has 
drawbacks because increasing capacity and 
expanding bandwidth through biological protection 
requirements and electromagnetic compatibility are 
limited. Therefore, if the communication systems 
can increase radiated power and the expansion of 
bandwidth does not provide the required data rate, 
then one of the most effective ways of solutions to 
this problem can be the usage of adaptive antenna 
arrays. Communication systems that use such an 
antenna are called MIMO systems (Multiple Input 
Multiple Output). 
MIMO technology cannot be considered as a 
mature technology. It is a method of forming a 
communication channel with multiple antennas. 
MIMO summarizes a number of different 
technologies: 
– Using "smart" antennas (intelligent antennas), 
which allow to form narrow data (rays), to remove 
obstacles by using some compensation in the 
receiving device. This technology makes it possible 
to improve noise immunity of a communication 
channel and increase efficiency spectrum due to the 
data transfer in parallel rays;  
– Using Space-Time Coding ( STC);  
– Using polarization channels distribution and 
signal processing. 
All varieties of MIMO technology are aimed to 
increase peak data rates in communication networks 
by improving noise immunity. Physical meaningof 
the capability to increase data rates can be explained 
by the Shannon formula.  
In the LTE system several combinations of 
transmitting antennas and one receiving are possible 
due to this special treatment by raising the bar for 
even higher speeds. 
The most important functional differences of 
LTE technology from previous generation UMTS 
network are the follows: 
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– eNB base stations perform radio resource 
management functions Management (RRM): 
controlling radio channels (Radio Bearer Control), 
access control (Radio Admission Control), mobility 
management (Connection Mobility Control), 
dynamic resource allocation (Dynamic Resource 
Allocation). Thus, in the radio access E-UTRAN 
network eNBbase stations manage radio interface 
protocols, combining the functions of base stations 
Node B and most functions of the RNC controller of 
UMTS network; 
– network element of mobility management 
MME is responsible for distributing paging 
messages to the eNBbase stations. In addition, MME 
manages control plane protocols: destination 
identifier of subscriber terminals, network security, 
authentication of subscribers and messages of 
communication; 
– network element in the user plane UPE 
performs header compression of IP-protocols, 
encryption of data streams, data packets termination 
plane, user packet data while providing user 
mobility. In addition, UPE manages user-level 
protocols, such as storing the current status of the 
subscriber terminal (AT), termination of LTE_IDLE 
at subscriber terminals. 
One of the requirements for the system is to 
minimize the frequency range, whichis engaged. 
That is why this system puts a lot of mechanisms, 
which minimize the usage of spectrum. It can be 
seen from the results of research with immediate 
analogs. In this regard one of the most important 
parameters - the spectral efficiency. The results of 
this parameter: 
– system LTE - about 5 bits / Hz; 
– system CDMA-EV-DO (Rev. 8) - about 3.8 
bits / Hz; 
– 802.16b-system is about 3.85 bits / Hz. 
In the first practice test system showed about  
58 Mb/s for downloading information to a mobile 
terminal and about 24 Mb/s for downloading from 
the mobile terminal. 
Conclusions 
LTE network is a high speed network with high 
mobility, that is able to replace its UMTS 
predecessor. In Ukraine UMTS network is deployed 
poorly, so it makes sense to immediately begin 
designing and implementing LTE network. The 
system is very flexible at work due to reasoning 
modules interaction in various situations 
(unprotected network, roaming, etc.). 
Today there is no single comprehensive 
commercial LTE system. The mobile MTS operator 
began testing the LTE technology in the second half 
of 2010 and as a result of it is to complete scanning 
system for years 2013-2014. It should be noted that 
there is a real possibility for the largest radio 
operators to implement LTE, avoiding the 
introduction of its predecessor (UMTS). 
LTE 10 version is a perspective direction of 
development of wireless broadband communications 
in Ukraine. Unlike WiMax has a higher 
specification, which continues to be improved by 
developers. To date, the developer (3GPP) 
announced the 1th1 version of technology. 
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